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l, The flow of a conducting inccnpressible viscous
fluid between plane-parallel plates across an exterior uniform
field, frozen-in an ideal cenductor, outside the fluid, has been
investigated by J. Gartman [l]. The precise solution of the statio-

nary problem obtained by him, depends on the dimensionless parameter
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' (here ! is the half-width of the channel, H, is the outer field,

6 and N respectively are the conductivity and the dynamic viscosity
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of the fluid, ¢ is the speed of light).
If M& 1, the flow becomes a Poiseuil flow. But if
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the velocity oi the flowi%s constant along the chanuel's cross
section everywhere except/%wo thin boudary layers of n/l/M thick-

ness, in which the velocity drops to zero. The velocity masznitude

is determined by the correlation
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where dP/dx is a constant pressure gradient in the direction of

motion. ‘
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The oriented along the velocity magnetic field Hy varies

by cross section at M>1 so:
Hx == Ho)‘zn (3) '

where the cocrdinate =z is counted as of the symmetry plane, along

H and
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‘H(; dx

is 'the reciprocal length's dimension constant. The correlation (3)
is only disturbed in the boundary layers, where Ig{drops to zero.

Let us note, that if one passes into a system of coor@égates
moving with a velocity Vb, the exgmined bounrdary solution coinéiggé
with the solution of the problem of equilibrium of an ideally-conduc-

ting fluid at same geomefiry in the gravitationsl field
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The lines of force of the magnetic field in the fluid have
the shape of a parabola with a sacging depth I = laﬂ/E.
The effect of velocity profile variation on the appearance
of the usual turbulcnce (vortex untwisting by the velocity gradient)
wes investigated by Lock [2]. The effect on the steadiness of the

magnetic field configuration also offers interest in being examined.

2. Let us consider that M>1,| and V,<<c.| Then H, is given
by the correlation (3) in tie systen oi coordinates moving with the
fluid Wy, = H,. The beundory loyers are ap, roximaled by surface
currents, in connection with which we shall drop the requirement
of transforming at boundaries the tangential components of velocity
and field perturbations into zero., Let us also assume that the
masnitudes VYV and ca/'4ﬂ3 are sufficiently small, and let us

neglect the dissipation at unstationary processes.



Assume that a small perturbation of the véiocity v and
of the magnetic field h has appeared, Linearizing the magnetic

hydrodynamics' equations, we shall obtain :

A% _ 2oy -
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T rotv= 4—rot {(Jé’V) } (5
%x = Hokz, .:/fy = O, J{)z = HO)
Aside from (&), we have :
divh =0, divv=0 © |
At z = * [, h, and v, are equal to zero. ilence, we may

obtain with the help of (4) the conditions for v,

ou, (+1)

= 0.
dz

Excluding h from the equations, we have

2 oty = o rot {(#V) v} ® |

Let us examine the perturbations lying in the plane xz and

not depending upon y. e shall seek the solution in the forn

vV = v (2) gitotthn), (9)

fxzcluding vy , we shall obtain the following equation for

.9

Fdz-{mz -+ 153 (2khz + %)}‘;—”z = {m‘z + ng (21kh2 Ta";)} v (10) i

Let us introduce the dimensionless coordinate s = z//

and the parameters
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Lguation (10) takes the form
'iiqs- {Az + (Qixs - —%)2}3—3 = (kl)? {A'z 4 (Qius -+ st—)z} v. (107 ‘

The total investigation of the equation (10') is beset
with computational difficulties. That is why we shall limit oursel-
ves to the examination of one of the varticular cases, represen-
ting a self-sustaining interest for certain problems of cosmic

electrodynamics.,

3, If we examine long waves (R/<K1),’ we may neglect the
right-handwﬁart of equation (10'), since it is proportional to the
small parameter at the junior derivative., Let us however consider
the magnetic field so weak, tuat ' and thiat possible are
long waves for which &, simultaneously (this requirement may be
satisfied at great vz(:i:l)‘———o_—_"

Neglecting the ragnt-hand part of (10'), and taking into

account the operator's identity
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we have d [A2 oy pine @ el 90 _ g :
E{l —*—e @e }E= . (12)
Cne of the solutions, v = const, is obvious, while the

remaining are found with the aid of cuadratures., Two solutions are

even, and two are odd:
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vy =1; 0, = \sin As'e—" gy,

s s
o = cos Astemtas oy =t sinA (¢ — s a5t s (19
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For even solutions the characteristic equation is trivial :
sin A =0, Hence Ap = nf « All the solution are steady.
After simple but cumbersome transformations, we obtain

that in case of odd solutions:
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sin A cos Ax — xcos A sin Ax
1 — 2

AT A TR ; - . (14)
(S cos %x2 cos Ax dx) +<

0

(sin % cos #x? — cos % sin »x?) X

R I

sin ®x2 cos Ax dx )
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In the right-hand part the function is bounded and that is
why its diagram intersects all the branches of the tg A/A with the
exception, perhaps, of the branch lying between — /2 and /2,
Consequently there exists an infinite multiplicity of steady solu-
tions. The unsteadiness may only be linked with the indicated branch.
Let us examine wavelengths Taking out of the dintegrals
integréis slovly-varying functions, and substituting them by values
in zero, let us 1nteL~*"‘"T the fast-oscillating functions from O to CO,
Assuming Y I = i\, ye obtaln

Van
sin {x — x/4)°’

Ch"]’: (‘Uz(:tl)::g’

from where (considering that Y is sui.iciently great and ;,;;

sin (x — zt/ —:1//1)

T 2Vam (16)

Y=x=In

At % > n/4+ nwj the requirement of slow variation of
A -containing terms is not fulfilled. Iowever, it is clear, that at
Y approaching T/4 +qn y & resonance increment growth steps on.
If sin (% —a/4) >0, s the unsteadiness has a character of statio-
nary waves, but if sin (= —nu/4) <0, travelling waves are excited,
The instability increases most intensively when a wh.ole plus one
quarter number of waves 1is packed over the length L.

The increment, expresced through dimensional magnitudes,
has the form

I
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It mzy be seen from (17) that v and 6 play no part, if
besides M =1 the inequality [H,>V &mpv. is fulfilled.

As the unsteadiness develops, the lines of force close up
by themselves in some regions, while in others the transverse field
is stenghtnend. It may be said, that the cxterior field is dislodged,
concentrating in thin layers. 3uch configurztion is in its turn
unsteady, while both types of unsteadiness, studied by Kruskal and
Schwartzshield [4] take place simultaneously -~ that in the gravita-
tional field and the flexible cable with current.

The development of these instabilities must lead to the
formation of clusters with locked (closed) lines of force, capable

of moving freely in space.

4, Above was examined a case, when the density of the poten-
rtial, and conseque.;tly of the kinetic energy is much greater than
th;£ of the exterior field's magnetic energy. Phenomena, at which
the initially weak field is strenghtened as a consequence of the
expansion of lines of force during the motion of conducting masses,
are linked with similar circumstances,

The unsteadiness investigated in the preceding paragraphs
1imits the categories of flows at which a magnetohydrodynamic self-
<g;§itation of regular magnetid fields is poszible, for cases to be
excluded are those, when the lines of force have in specific regions
the shape of strongly elongated parabolas. ‘

Let us pause briefly on the problem of the turbulent self-
excitation of the field. Two different viewpoints prevail in this
question : Batchelor [4] considers that turbulent vulsations disrupt
the magnetic field correlation, thercby linking it with the minimum
turbulence scale, and that is why it has a correspoadingly low
energy. Other authors (see for exemple [ 5, 6]) assume that the field
correlation is preserved, and that in the state of dynamic eguili-
brium the energy of the ficld is of the order of that of the funda-
mental flow scale.



In connection with the above considerations, the Batchelor's
viewpoint prevails, for there exists a real mechanism of diruption
of magnetic field correlation, It seems probable that this mechanisn
is not unigque and that a similar unsteadiness takes place in other

cases at strong line of force deformations.
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